Introduction {#Sec1}
============

Excessive daytime sleepiness (EDS) is one of the cardinal symptoms of patients presenting to sleep laboratories as many patients with EDS suffer from obstructive sleep apnoea syndrome (OSAS), obesity hypoventilation syndrome (OHS), narcolepsy or idiopathic hypersomnia \[[@CR1], [@CR2]\]. Severe EDS impacts on behavioural, physiological and cognitive functioning, and it affects quality of life; it results in reduced reaction time, vigilance, alertness, concentration and, subsequently, results in an impaired ability to successfully carry out attention-based activities \[[@CR3]\]. EDS while driving is increasingly being recognised as a cause of road traffic accidents (RTA) \[[@CR4]\], and approximately 20% of RTAs in the UK are caused by EDS and driver fatigue \[[@CR5]\].

It is difficult to objectively assess EDS, but questionnaires like the Epworth Sleepiness Scale (ESS) or the Stanford Sleepiness Scale (SSS) are widely used in clinical practice to subjectively quantify and determine whether an individual is suffering from EDS \[[@CR1], [@CR2]\]. However, it is important to recognise that information contained in these tools might be used by the Driver and Vehicle Licensing Agency (DVLA) when deciding on the fitness to drive; drivers who suffer with conditions causing EDS need to cease driving and inform the DVLA \[[@CR6]\].

However, patients might offer a biased view when self-reporting their symptoms by using tools like the ESS, if they know about possible implications regarding their driving licence. We hypothesised that patients might change how they score on the ESS after they are made aware of official guidance regarding fitness-to-drive.

Patients and methods {#Sec2}
====================

Compliance with ethical standards {#Sec3}
---------------------------------

This was a prospective study conducted at a clinic for sleep-disordered breathing at a tertiary university hospital between June 2017 and July 2017 (registration number: GSTT/2017/7478). Patients were informed and consented prior to their clinic appointment, and adults aged 18 years and above were included. Patients were addressed following initial identification by the direct clinical care team. Funding was provided via the King's Undergraduate Research Fellowship 2017, King's College London, UK (A.A.). The authors have no conflict of interest related to the content of the manuscript.

Inclusion and exclusion criteria {#Sec4}
--------------------------------

The following inclusion criteria were assessed prior to inclusion into the analysis:Patient referred to the sleep centreAged \> 18 yearsBoth gendersLiterate and holding capacityFluent English speaker.

In addition, patients were excluded if they met any of the below exclusion criteria:Aged \<18 yearsUnable to read or write, illiterateNon-English speakersNot holding capacityAcute illness or delirium.

Short protocol {#Sec5}
--------------

Parameters recorded included age, gender, ethnicity, body mass index (BMI), past medical history, drug history, allergies, driving licence holder (in years), number of previous road traffic accidents (RTA), smoking (in pack years), alcohol consumption (in units/week), use of illegal highs/illicit substances and collar size.

The first ESS and the SSS were filled in prior to the consultation with the sleep physician. Following the consultation, patients were informed about the risk of EDS and driving, and about official DVLA guidance. It was pointed out that their self-assessed sleepiness might provide information for the DVLA to decide about their fitness-to-drive. Prior to completing a second ESS and the SSS, patients were read the following statement:"If an individual has any condition that affects their ability to drive, which lasts longer than three months, they must inform the DVLA. The DVLA then considers whether sleepiness influences the ability to drive when reviewing these cases. \[[@CR7]\]"All appointments were timed to be 15--30 min slots. The 1st questionnaires were filled in prior to and the 2nd questionnaires following these slots. All patients completed the entire assessment within a 60-min time frame.

Epworth sleepiness scale {#Sec6}
------------------------

The ESS is a questionnaire with eight items to measure severity of daytime sleepiness; respondents report their likelihood of falling asleep in situations using a 4-point Likert scale ('0' not at all to '3' highly likely). Responses are summed and higher scores indicate greater sleepiness, the minimum total score is 0 and the highest '24' points; scores of more than 10 points suggest excessive daytime sleepiness \[[@CR8]\].

Stanford Sleepiness Scale {#Sec7}
-------------------------

The SSS is a self-rated 7-point scale of equal intervals to quantify the symptom \[[@CR9]\]. The scale is a one-item questionnaire measuring levels of sleepiness throughout the day. It is generally used to track alertness at different hours of the day and ranges from 'feeling active and vital; alert, wide awake' (1) to 'Asleep' (x) and is widely used to assess the effects of sleep deprivation. A score of more than 3 points at any time when the respondent should be feeling alert indicates serious sleep debt \[[@CR10]\].

Outcome parameters {#Sec8}
------------------

The primary outcome of this study was the change in the ESS (ΔESS, points). The secondary outcome parameters were the change in the SSS (ΔSSS, points), factors associated with a change in the ESS (sleepiness, driving licence holder, RTA) and patients who changed from 'sleepy' (ESS \> 10) to 'non-sleepy' self-assessment (*n*).

Sample size calculation {#Sec9}
-----------------------

The sample size was calculated based on the change in the ESS. Expecting a change in the ESS of two or more points in the total score with an alpha of 5%, a power of 90%, and an approximate standard deviation of the mean difference of the paired observation of three points, a total sample size of 122 patients would need to be included \[[@CR11]\]. Following previous experience with the dropout of patients who were assessed in similar scenarios \[[@CR10]\], we expected that an additional 5--10% would need to be recruited. Finally, we addressed 138 patients, 14 did not meet inclusion criteria and 2 patients did not complete the assessment; a complete dataset was included for analysis in 122 patients (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Modified CONSORT diagram. Fourteen patients were excluded, as they were unable to communicate sufficiently in English

Statistical analysis {#Sec10}
--------------------

The statistical analysis was conducted using SPSS V23.0 (IBM Corp, Armonk, NY/USA). The Shapiro-Wilk normality test was used to assess data distribution. Results from the ESS, the SSS and subgroups of patients based on EDS (ESS \> 10), and whether they held a driving licence were compared using the Wilcoxon signed ranks *t* test. ESS and SSS scores are presented as median (interquartile range) and age, gender, BMI, driving licence duration, smoking history and collar size are presented as mean (SD). We finally performed a multiple linear regression analysis to identify correlations (r) between the independent predictors (age, gender, BMI, driving licence duration and collar size) with the dependent variable (ESS). A *p* value \<0.05 was assumed to represent statistical significance.

Results {#Sec11}
=======

Demographics {#Sec12}
------------

One hundred thirty-eight patients were screened for the study, but 14 patients did not meet the eligibility criteria and 2 did not complete the assessment (Fig. [1](#Fig1){ref-type="fig"}). A total of 122 patients were included in the data analysis (72 males, age 59.4 years (15.2), BMI 32.1 kg/m^2^ (8.3), collar size 42.7 cm (5.0), smoking (*n* = 20): pack years 15 (10--33); ex-smoking (*n* = 49): pack years 20 (10--40); alcohol (n-62): 16 (4.75--40) units per week). Female participants were slightly younger, smaller and lighter, although their BMI was about the same as that of male participants; men smoked more and had a larger neck circumference (Table [1](#Tab1){ref-type="table"}). Ninety-four patients held a driving licence for 25.2 years (20.6), and their age was 59.6 years (13.9). The longer patients held their driving licence, the older they were (r = 0.387, *p* \< 0.001). There was a negative correlation between their age and the ESS (r = − 0.334, *p* \< 0.001), as well as between the duration of holding a driving licence and the ESS (r = − 0.363, *p* \< 0.001).Table 1Demographics of the studied cohort of patientsParameterTotal (*n* = 122)Female (*n* = 50)Male (*n* = 72)Age (years)59.4 (15.2)57.6 (17.6)60.8 (13.9)Height (m)1.70 (0.12)1.59 (0.09)1.77 (0.08)Weight (kg)92.5 (28.8)78.8 (23.8)101.6 (28.3)BMI (kg/m^2^)32.1 (8.3)31.0 (8.6)32.6 (8.3)Neck circumference (cm)42.7 (5.0)40.1 (5.0)44.0 (4.5)Smoking status (never, *n*/pack years)*n* = 61/25.7 (25.7)*n* = 34/19.3 (17.6)*n* = 27/30.0 (29.0)

Sleep-related breathing disorders were present in 53.0% of the patients (patients were naïve to continuous positive airway pressure, CPAP, at the time of assessment), 28.0% of participants had neuromuscular disorders with associated chest wall disease (NMD/CWD), 17.0% had obstructive airway disorders, hypersomnias in 14.0%, sleep movement disorders were present in 1.0%, parasomnias in 1.0% and 18.0% of participants were classified as 'other' (this group consisted of patients with depression, anxiety, cardiac comorbidity, seizures, diabetes, hypothyroidism or unexplained syncopes). 65.6% of patients identified as White British, 4.9% Black British, 6.6% Black African, 6.6% Black Caribbean and 16.4% classified as other. Thirty-seven patients reported having an allergy but no patient reported any previous RTAs; three patients reported the use of legal highs/illegal substances.

Sleepiness assessments {#Sec13}
----------------------

There was no significant difference in the ESS \[8 (8) vs 8 (8) points; *p* = 0.289\] (Fig. [2](#Fig2){ref-type="fig"}) or the SSS \[2 (2.25) vs 2 (2) points; *p* = 0.320\] between first and second scores (Fig. [3](#Fig3){ref-type="fig"}). A total of 39 sleepy and 83 non-sleepy patients were identified, based on the ESS cutoff (\> 10 points). There was no change between the scores in the ESS (*p* = 0.430) or the SSS (*p* = 0.830) based on subgroup analysis (sleepy/non-sleepy) either. A total of seven patients (5.7%) changed their scores from "sleepy" to "non-sleepy," and four patients (3.3%) changed from non-sleepy to sleepy during their second assessments. A total of 35 patients reported significant changes in the ESS scores of more than 1 point (28.7%) and 20 patients by more than 2 points (16.4%). For the total cohort, the change in the ESS from baseline was − 0.11 (2.67) points, and for the SSS, the change was − 0.04 (0.42) points.Fig. 2Box-Whisker plot for the Epworth Sleepiness Scale (ESS), first (ESS1) vs second score (ESS2), *p* = 0.289Fig. 3Box-Whisker plot for the Stanford Sleepiness Scale (SSS), first (SSS1) vs second (SSS2) scores, *p* = 0.320

A stepwise multiple linear regression analysis to predict the average ESS scores included age, gender, BMI, driving licence duration, smoking pack years and collar size as independent variables (alpha = 0.05). Driving licence holder duration (*p* = 0.009) and age (*p* = 0.008) were identified as independent predictors of the ESS, while gender (*p* = 0.990), BMI (*p* = 0.697), smoking history (*p* = 0.95) and collar size (*p* = 0.812) were excluded from the model. About 17% of the variability of the ESS score were accounted for by this model (adjusted R^2^ = 0.171, F(6,112) = 5.043, *p* \< 0.05).

Discussion {#Sec14}
==========

Patients attending sleep clinics who are provided with information about sleepiness and fitness-to-drive provide largely reproducible information when reporting their symptoms using standard tools like the Epworth or the Stanford Sleepiness Scale. Despite high intra-individually variability, only 9.0% of the patients change the Epworth Sleepiness Scale score in a relevant way, while 5.7% of patients re-consider and change their score from sleepy to non-sleepy. How long someone held their driving licence and how old they are accounted for about 17% of the observed variability in the Epworth Sleepiness Scale scores. There was no significant difference in the results that was related to subscores or other factors like RTA or duration of driving licence.

Clinical significance {#Sec15}
---------------------

Self-reported questionnaires for the assessment of sleepiness are commonly used in sleep laboratories, and previous studies have identified internal consistency, reliability and validity of the ESS \[[@CR11]\]. Current DVLA guidelines advocate that those who suffer from conditions resulting in excessive daytime sleepiness need to inform the DVLA and information regarding a patient's condition may then be requested from medical health professionals \[[@CR7]\].

In this study, the Epworth Sleepiness Scale was chosen as it is a widely used tool within sleep centres and accessible to patients with sleep disorders. In the context of fitness-to-drive, the Epworth Sleepiness Scale is referred to when writing medical reports for the Drivers and Vehicles Licensing Agency (DVLA) in the UK. However, the ESS typically does not respond to changes in sleepiness quickly. The Stanford Sleepiness Scale is more suitable to pick up ad hoc changes in alertness, as it can be used to assess hourly daytime alertness.

The results from this study support the general validity when using results from the patients' ESS, as the information provided is not significantly influenced by additional information about the DVLA requirements. This rejects the idea that patients display significant and unconscious bias when self-reporting sleepiness \[[@CR12]\], an observation that proves valuable in terms of assessing patient conditions associated with sleepiness, and when assessing fitness-to-drive. Although about 1/6 patients scored higher than what would be the expected minimally clinical important difference in the ESS \[[@CR13]\], this only changed the ESS score in a relevant way in about 5% of the cases (non-sleepy to sleepy), which is about the expected level for random findings and errors for confidence intervals.

Limitations {#Sec16}
-----------

While efforts were made to standardise the length of time between patients completing their first ESS and being interviewed for the second ESS, this was not always possible. Although all assessments finished within a 30--60 min period, as such, these differences may account for some variation in how patients reported their sleepiness. Prior patient knowledge regarding the ESS and DVLA criteria may have further influenced results, as some patients may have previously heard about the DVLA. This may have also been influenced by the variation in duration of diagnoses, patient knowledge and expertise and lack of inclusion of additional information, e.g. about the educational background, which may have confounded results. Furthermore, the study did not include objective measures of sleepiness and relied solely upon subjective and self-reported measurements that are the current standard for sleep clinics. It may therefore prove beneficial to include other objective measures to further evaluate the impact on patients' sleepiness and compare objective and subjective measures of sleepiness assessment.

Conclusion {#Sec17}
----------

Self-assessment tools for sleepiness provide more robust and reproducible information than expected. Only in a minority of patients, there is a relevant change in the scores following provision of information about fitness-to-drive and clinicians should be encouraged to inform patients about potential implications prior to filling in the Epworth Sleepiness Scale.
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